Abstract: Esophageal cancer is a frequently fatal malignancy, and is described in certain regions in Northeast India with an incidence of esophageal squamous cell carcinoma many fold higher than the rest of the population. The population in Northeast India is at higher risk due to poor nutritional status, consumption of fermented betel quid and other oral tobacco products besides smoking and alcohol intake. Cytokeratins (CKs) are the major constituents of the esophageal epithelium and may show gain or loss of CKs as the cancer progresses from normal epithelium to invasive phenotype. In this study, we studied the immunohistochemical expression of 5 CKs (CK4, CK5, CK8, CK14, and CK17) in the normal esophageal epithelium and esophageal squamous cell carcinoma from both the general population and the high-risk population of Assam in Northeast India. The CK expression profile was similar to other published data in general. Further analysis demonstrated differences in CK expression between the general and the highrisk tumor samples. CK5 and CK8 expression was altered in the high-risk population. The significance of these differences is unclear, but suggests a connection to the etiologic factors.
The highest incidence of cancer of the esophagus in India has been reported from Assam in the Northeast region, where it is the second leading cancer in men and third leading cancer in women. 3 The age adjusted incidence rates per 100,000 persons for males and females from the high-risk region of Assam in Northeast India have been reported to be 32.6 and 21.1 in the district of Kamrup and 15.7 and 8.1 in the district of Dibrugarh as compared with adjusted incidence rates of 4.7 and 3.1 in Delhi. 4 Besides smoking and alcohol consumption that are the major risk factors for developing esophageal cancer, association of poor nutritional status, and dietary habits such as consumption of unconventional smokeless forms of tobacco, chewing betel quid, and consuming fermented preserved food predispose the people from this region with higher mortality rates. 5 As cytokeratin (CK) are the major constituent of the esophageal epithelium and esophageal squamous cell carcinoma (ESCC) is the predominant histologic subtype of esophageal cancer in India, we chose to study the immunohistochemical expression of those keratins that had shown differential gene expression on microarray (unpublished data) in the high-risk population of Northeast India. The objective of this study was to ascertain whether there was any interrelationship of CK expression between the normal epithelium and ESCC between highrisk population and the general (low-risk) population of Delhi which may have potential for classifying ESCC in these population groups.
MATERIALS AND METHODS

Patients and Samples
A written informed consent was obtained from the patients to use these samples for research and ethical clearance was obtained for this study from the institutional ethical committee of Institute of Pathology, Indian Council of Medical Research.
This study was performed on 125 formalin-fixed, paraffin-embedded tissue specimens obtained by endoscopic biopsy of normal esophageal epithelium and ESCC cases received during the period between January 2006 and July 2007. Of these, 85 comprised ESCC obtained from B. Borooah Cancer Institute, Guwahati belonging to the high-risk population of Northeast India, 25 biopsies of ESCC from low-risk general population of Delhi, and 15 endoscopic biopsies from normal esophageal mucosa taken from a distant site of ESCC cases from high-risk patients as control. Hematoxylin and eosinstained slides of all these samples were reviewed by 2 pathologists (A.S. and S.M.H.) and graded into well, moderately, and poorly differentiated ESCC.
Tissue Microarray Construction
A tissue microarray (TMA) was constructed from formalin-fixed, paraffin-embedded blocks of 125 tissue samples that included 15 controls, 25 ESCC from low-risk population of Delhi, and 85 ESCC from high-risk population. Sampling sites were marked on the donor blocks and the tissue cylinders precisely arrayed into 2 recipient blocks each with a core size of 1.5-mm using a manual tissue microarrayer (Beecher Instruments, Silver Spring, MD). The recipient blocks were tempered at 371C overnight. A TMA section was stained with hematoxylin and eosin for quality assurance and confirmation of diagnostic elements on the TMA.
Immunohistochemistry
The LSAB + detection system (Dako, Carpinteria, CA) was used for immunohistochemical staining. Briefly, 5-mm sections were cut from TMA blocks, deparaffinized in xylene and rehydrated in graded alcohol. Heating the sections immersed in 0.01 M sodium citrate buffer in a steamer for 20 minutes performed antigen retrieval. After bringing the sections to room temperature the sections were incubated with 3% hydrogen peroxide for 10 minutes to block endogenous peroxidase activity. The primary antibodies used were CK4 (1:100, Clone 6B10, Novocastra laboratories, Norwell, MA), CK5 (1:100, Clone EP1601Y, Abcam Inc), CK8 (prediluted, Clone 35 bH11, Dako,), CK14 (1:100, Clone LL002, NeoMarkers, Fremont, CA) and CK17 (1:20, Clone E3, Dako). 3, 3 0 -Diaminobenzidine was used as the chromogen and sections were counterstained with hematoxylin.
Evaluation of Immunohistochemistry
The TMA sections were screened and scored by 2 pathologists (A.S., S.M.H.) who independently evaluated the immunohistochemical staining and reached a consensus. An adequate core was defined as one in which the tumor occupied more than 50% of the core area.
Out of 125 cores, 114 cores were found suitable for evaluation due to loss of cores, inadequate tumor or insufficient immunohistochemical staining. The cytoplasmic staining was considered positive staining for all the CKs. The distribution of positive staining (X) was scored as percentage of cells labeled by counting individual tumor cells under Â 40 objective using an eyepiece pinhole and then graded as 0 = no staining, 1 = upto 30%, 2 = 31% to 60%, and 3 = more than 60%. As immunohistochemical staining intensity in the cores was not uniform, the intensity of staining (Y) was graded as 0 = no staining, 1 = mild, 2 = moderate, and 3 = strong. The final score (X Â Y) was the multiplication of distribution score by intensity score, generating scores over a range of 0 to 9. The immunoexpression was divided into 2 groups based on the final score as underexpressed (score below 6) and as overexpressed (score of 6 and above).
Statistical Analysis
Pearson w 2 tests with SPSS 13.0 for Windows (SPSS Chicago, IL) were performed to compare the expression of the CK proteins among the control, low-risk and highrisk population samples. P value of less than 0.05 was considered statistically significant.
RESULTS
Of the 100 ESCC patients from both groups, 86% were male and 14% were female with a median age of 56.4 years (range: 39 to 85). ESCC cases were further subdivided into well differentiated (n = 22), moderately differentiated (n = 66), and poorly differentiated (n = 12). Immunohistochemical staining for CKs showed cytoplasmic as demonstrated in Figure 1 . The normal esophageal epithelium was taken as baseline in which CK4, CK5, CK8, and CK17 stained the stratified squamous epithelium in different patterns and intensities, whereas CK14 showed staining of only the basal cells. Detailed distributions of staining for the individual CKs are summarized in Table 1 .
Utilizing a dichotomization, based on a scoring index of 6, CK4 expression was identical in tumors from the low and high-risk groups, staining 0/19 and 0/81, respectively, compared with the normal epithelium of the controls (n = 14) which were all positive ( Table 2 ). CK5 expression was also present in the normal epithelium of all of the controls, but only 7/19 (36.8%) of the tumors from the low-risk population compared with 65/81 (80.3%) of the tumors n the high-risk population. The difference in expression in tumors between low and highrisk populations was statistically significant, P<0.001.
Staining for CK8 showed a similar pattern, present in the normal epithelium of all control patients, but 7/19 (36.0%) of tumors from patients in the low-risk population and 68/81 (84%) of tumors from the high-risk population, resulting in a P value of less than 0.001 between low and high-risk populations. CK14 expression was limited to the normal epithelium of 1/14 (7.2%) patients in the control population, but was detectable in 12/19 (63.%) and 65/81 (80.3%) of tumors from low and high-risk populations, respectively.
CK17 expression was found in the normal epithelium of all the normal controls, but was limited to 15/19 (78.9%) and 69/81 (85.2%) of tumors from low and highrisk populations, respectively. Detailed analysis failed to demonstrate a statistically significant correlation between age, sex, and histologic grade of ESCC between high and low-risk groups. Further analysis failed to demonstrate statistical significance of differentiation and staining for the individual CKs (Table 3) . 
DISCUSSION
CKs are a family of about 30 different related cytoplasmic proteins encoded by multiple genes and constitute the intermediate filaments that are incorporated into the cytoskeleton of almost all epithelial cells. The epithelial or soft keratins (CK1 to CK20) are divided into 2 subfamilies, type 1 (acidic, CK9 to CK20) and type 2 (basic, CK1 to CK8) depending on their molecular weights and isoelectric point. 6 These keratin polypeptides are the product of different genes and are expressed in different cells at different stages of development and differentiation. 7 Carcinoma cells retain an ability to produce the CKs of their progenitor cells and may also gain an ability to develop new types of intermediate filaments. 8, 9 Therefore, CK subtypes have potential to be useful biomarkers for studying the evolution of cancer in different stages and differentiation states.
CKs are the major constituents of the normal esophageal epithelium and epithelial cancer. In past, several reports [10] [11] [12] [13] have shown alterations in the CK protein expression in the normal esophageal epithelium in comparison with ESCC, however, these studies were based on western blot analyses and were not possible to relate keratin expression to specified cell populations or different states of cell differentiation. Chung et al 14 were able to demonstrate reduction of CK4 and CK14 in the transition from normal epithelium to invasive tumor in a small number of cases. Vianne and Baert 15 studied the relationship between morphologic characteristics and in situ hybridization for CK-mRNAs and demonstrated that changes in CK expression occur with differences in malignant potential in the esophageal squamous epithelium. In their CK-mRNA expression they showed that in well-differentiated ESCC, CK6 and CK14 were abundantly expressed whereas CK4 and CK13 were only focally expressed and were in contrast to the normal epithelium. In the moderately differentiated ESCC, CK6, CK14, and CK19 were detected whereas in the poorly differentiated ESCC none of these were detected.
With the availability of monoclonal antibodies for small subsets of keratin polypeptides, it was important to know what components of esophageal cells were related to cell differentiation and the need for indicators other than morphologic parameters in evaluating precursor lesions, prognosis, and therapeutic intervention and it was a challenge for researchers. Yang and Lipkin 16 were the first to study CK immunoexpression using AE1 antibody and concluded that there were 3 patterns of CK expression that paralleled the degree of differentiation. Type 1 pattern was present in well-differentiated ESCC whereas types 2 and 3 were seen in poorly differentiated and undifferentiated carcinomas. In dysplasia and carcinoma in situ abnormal cells had reaction patterns in which they lost or increased AE1 expression suggesting that AE1 could be used as a biomarker for identifying early aberrations in the esophageal epithelium.
In another study, Takahashi et al 17 reported that neoplastic epithelial cells showed different keratin reactivity and distribution compared with normal esophageal epithelium. CK17 was limited only to the keratinized cells whereas CK14 selectively labeled the basal cells of the normal esophageal epithelium and all the ESCC cells and adjacent carcinoma in situ. Itakura et al 18 studied esophageal dysplasia both from cancer and cancer-free patients using antibodies to CK10/13 and CK14 and concluded that abnormal patterns of CK expression occur not only in atypical cells but also in nonatypical cells in esophageal squamous dysplasia. Lam et al 19 studied 35 cases of ESCC and reported that CK18 and CK19 are overexpressed in ESCC whereas expression of CK10 is seen in well-differentiated ESCC and not in normal epithelium. Cintorino et al 20 suggested from their study on ESCC in high-risk population of China that significant differences in expression of CK8, CK18, and CK19 were seen between lymph node positive and lymph node negative ESCC and the pattern of distribution of these CKs could be of predictive value. More recently, Xue et al 21 studied 205 ESCC and 173 precursor lesions and found that CK14 were positive only in basal layer of normal whereas diffusely positive in ESCC and this overexpression occurred in intermediate stage of carcinogenesis between dysplasia to carcinoma in situ and carcinoma whereas the underexpression of CK4 in the ESCC was an early event occurring in the mild-tomoderate dysplasia stage and suggests malignant transformation in this cancer.
In this study, we compared the CK expression of CK4, CK5, CK8, CK14, and CK17 between normal esophageal epithelium and ESCC and then between the low-risk and high-risk populations. We found that CK4 underexpression (P<0.001), and the overexpression of CK5 (P<0.001), CK8 (P<0.001), and CK14 (P = 0.001) were useful in differentiating normal epithelium from cancer in the general population whereas CK4 underexpression (P<0.001) and CK14 overexpression (P<0.001) were useful to differentiate normal epithelium from ESCC in the high-risk population. This finding provides some insights into the alterations in CK expression encountered with malignant transformation. The findings of CK4 underexpression and CK5, CK8, and CK14 overexpression were in concordance with previously published reports. CK8 is expressed in a wide variety of ''simple epithelial cells. '' 22 CK4 is expressed in stratified and columnar epithelium, and typically absent from the basal cells that give rise to these epithelial layers. 22 In contrast CK5 and CK14 are expressed in the basal layer of squamous epithelium, and not expressed in the stratified elements. With reference to the differential expression between the low-risk and high-risk groups, the relationships of the CKs are less clear. CK8 is described as focally expressed in squamous cell carcinomas, possibly with greater expression in poorly differentiated cases. CK5 is associated with basal or myoepithelial phenotype, and is noted to be expressed in small cell carcinomas of the lung. 22 The greater level of expression of CK5 and CK8 in the high-risk group may suggest a connection with a basal/small cell phenotype of tumor, which would be concordant with a more poorly differentiated phenotype.
More interestingly, our analysis shows that CK5 is more commonly expressed in the esophageal tumors of patients from the high-risk cohort compared with the low-risk cohort. (P<0.001). Additionally, CK8 was also expressed more commonly in the tumors of patients from the high-risk cohort than the low-risk cohort (P<0.001). As a result CK5 and CK8 expression did not decrease with malignant transformation in the high-risk cohort, compared with the low-risk cohort. These changes were independent of differentiation state of the tumor. To our knowledge this is the first example of detection of differences in CK expression, measured by immunohistochemistry that can be correlated to high-risk groups, attributed to tobacco use or diet. Examination of dysplastic or in situ lesions may yield a greater understanding of the significance of these changes in CK expression.
In conclusion, the findings from this study suggest that CK5 and CK8 may be useful markers in separating high-risk from low-risk population groups and detection of changes in the expression of these gene products may be able to shed some light on identification of biomarkers that can help for early diagnosis and may also help to stratify populations at low or high risk.
